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ABSTRACT: Various methods of qugntitative analysis and identifi-
cation of s0il minerals by X-ray diffraction were investigated.
The study disclosed that the needs of the Materials and Research
Laboratory were best met by use of an oriented powder sample in a
front pack to identify the non-clay minerals, and by use of
strongly oriented coatings on glass slides for clay mineral iden-
tification. The slide samples were subjected to two heat treatments
(325°C and 550°C), and to glycolation. Most of the clay minerals
common in soils were identified by this method and numerous soil
aggregates were quantified. The diffractograms of these samples
were filed for reference. ' )

The correlation of diffraction peak intensities to the amourt of a
mineral in an aggregate was studied by using powder samples in which
the percent of the constituents was accurately known. A strong
diffraction peak, or peaks, characteristic of the mineral was chosen,
and the peak heights were plotted against the amount of mineral
present, Calibration curves were then drawn from which the amount
of mineral present can be determined.

The standard minerals used to establish calibration curves matched
the condition of the minerals to be quantified. . Changes in peak
height caused by weathering were studied by making diffractograms

of selected soil samples and observing the changes in reflection
intensities. Experience was gained in the use of weathering factors
when the standard minerals differed in degree of weathering from the
soil minerals being quantified. o

A detailed outline of the procedure for sample preparation, a list
of auxiliary tests, and a table of d(A) spacing for aggregate
minerals were compiled.

The amount of iron contained in a sample was estimated by making
diffractograms of chemically analyzed soil samples with variable
iron content. The estimation was made by measuring the flourescence
background intensity.

The flourescence background and absorption effects of iron~and
amorphous material in mineral samples were studied by making
diffractograms with samples containing known amounts of iron and
amorphous material, The calibration curves were nonlinear due to
these absorption effects, but correction charts can be used.

KEY WORDS: Calibrations, clay minerals, minerals, quantitative
analysis, samples, soils, X-ray diffraction.
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Introduction

This study was made to evaluate the X-ray diffraction methods
of mineral identification and quantitative analysis of soil and
rock samples currently used by the Materials and Research
Department. Also new procedures and techniques were to be evalu-
ated, to assure that maximum benefit was being cobtained from the
equlpmenta

Dr. James L. Post, an Associate Professor of Civil Engineering
at Sacramento State College, was retained as a consultant to
accomplish the goals of this study, Dr., Post demonstrated for
personnel of the Department proper preparation and treatment of
samples, the proper use of the equipment and the interpretation
of diffractograms. His extensive knowledge of the literature
about X-ray diffraction and clay minerals provided many useful
referenceso

As a result of tth study, the Engineering Geology Unit is
now using an entirely different X-ray diffraction procedure for
the identification and quantitative analysxs of the mineral
composition of soils and rocks.

This research program was completed with the approval and
financing of the State of Callfornxa,

Summary

As a result of this research project, the following pro-
cedures have been adopted:

l. A strongly oriented sample is used. This sample is
prepared by dense-packing the material using the
front-pack method., Clay minerals are identified using
two heat treatments (325°C and 530°C) and giycolation of
a coating of the sample on a glass slide, This technique
provides quick mineral identification and provides a
fairly reliable quantltatlve analys;so

2. Calibration curves show1ng particular diffraction peak
intensities have been develcped for use in determining
the amount of a mineral present in a sample., The
standard mineral used for making the calibration curves
must be comparable in terms of crystallinity, chemical
composition and degree of weathering to the unknown
mineral in the sample. Uniformity in the fabrication
of the front-pack samples is essential to obtain
consistent results. Precise guantitative analysis of
soil mineral aggregate will require auxiliary testing
such as differential thermal analysis, microscopic
examination or chemlcal analySlS.

www . fastio.com
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3. A systematic method for interpreting X-ray diffractograms
was developed, and a list of the more common diffraction
_peaks was compiled and is included in this report.

4, The goniometer is now being run at 2° 26 per minute for
routine scans and at 0.2° 26 if greater resolution is
required, '

5, To increase the resolution, the X-ray tube was turned
from line focus to spot focus,

"6, The chart recorder was adjusted so that one inch on the
graph is equal to 5° 2@, This permits visual indexing
of the graph while the machine is still running.

In addition to developing the above described test procedure,
certain other problems were studied, The effect of weathering oh

~ecrystalline minerals in soil was particularly significant. The

effects of iron fluorescence and amorphous minerals on the
intensity of background radiation was studied. A method of esti-
mating the amount of iron in a sample based on background intensity
is discussed, Non=linearity of calibration curves, caused by
X-ray absorption, is possible in certain samples and modification

~of the method of quantitative analysis based on linear relation-

ships is necessary.

Séggle Mouﬁting Procedures

The identification of minerals which comprise rock and soil
aggregates may be conducted by X-ray diffraction using two dif-
férent types of sample preparations. Powder samples with varying
degrees o% random orientation obtained by one of several different
packing preocedures are used with the X-ray diffractometer, and a
spindle or wedge' containing powder samples are used with the
X-ray powder camera. Oriented samples, consisting of powder packs
or films of air-dried soil slurries on mounts, are used with the
X-ray diffractometer and single-crystal mounts are used with the
X=-ray powder camera. '

Quantitative analysis of mineral aggregations may be conducted
by the use of oriented samples or samples with some degree of
random particle orientation. The mineral analysis is ordinarily
conducted in conjunction with supporting physical and chemical
tests, such as clay-size content and equivalent iron sesquioxide
content,

Tﬁe.degree of accuracy that may be obtained in the quantitative
analysis of mineral aggregations by X=-ray diffraction, with

' ordinary supporting tests, is largely dependent on the time avail-

able and the experience of the investigator. The mineral aggre-
gation may be investigated as a whole or it may be separated into
discrete particle-size ranges, such as the clay-size material,

No one method should be adopted in exclusion of the others, rather
the method should be used that best suits the degree of accuracy
required and the time that is available for each case.

www fastio.com
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Rapid identification of aggregate minerals may be effected by
using a front-pack powder sample and the mineral identification
may be facilitated by firmly pressing the powder into the holder
so that a strongly preferred orientation is obtained. Most soil
minerals, other than quartz, tend to orient readily because of
their cleavage characteristics; and because many soil aggregates
are rather poorly crystalline the preferred orientation of the

. powder sample enhances the intensity of the diffraction peaks
- facilitating the identification and the quantitative analysis of
the soil minerals,

The clay mineral suite is most readily identified by the
process of preparing oriented coatings of the sgmple on glasii.
slides and following the procedures given by Warshaw and Roy{z)-
The identification of small particles of hand-picked minerals
from aggregates may usually ge made by cementing a cluster of
the particles on a glass slide and obtaining a diffraction pattern.
Minerals on petrographic slides may be identified in the same
manner according to Tatlock{2). '

The reliability of quantitative analysis by X-ray diffraction
is dependent on the comsistency of sample preparation no matter
which method of sample preparation is used, The variation in
diffraction peak intensities of any mineral is largely dependent
on the crystallite orientation and the bulk density of the powder
sample, not to mention degree of crystallinity, Pressed pellets
made from a powder sample give a preferred orientation to the
sample comparable to a pressed front-pack powder sample, however,
the sample bulk densities are probably more consistent, One
disadvantage of the pressed pellet is the friability of pellets
formed from framework silicates,

Random-orientation powder samples may be prepared both by
front-pack and back-pack procedures, not to mention glass spindles
for powder camera work., Comparable results may be cbtained with
each method, depending upon the experience and technique of the
investigator. The powder sample may require a cover when using a
General Electric X-ray diffractometer because the sample holder is

- placed in an upright position on the goniometer, whereas the
Norelco sample holder is held in a horizontal position, A thin
sheet of colloidon is sometimes used to cover the front-pack sample,

The back-pack procedure is often used because the method gives
quite consistent results, even when used by different investigators,
The procedure requires considerable time for the preparation of a
randomly-oriented powder sample as does the randomly-oriented
front-pack method, perhaps the larger part of an hour per sample
in comparison to five minutes for the pressed front-pack method,

The back=pack procedure does not give complete random orientation
under many conditions of preparation, such as pressure on the back
of "the sample, .

A list of advantages and disadvantages of different packing
methods is included to give some idea of the many choices available,
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Packing Methods

| Front-Pack (pressed)

Advanteges: 1, Quick mineral identification and fairly reliable
' quantitative analyses.

2, Moderate control of orientatlon (preferred
orientation).

3. Intensification of necessary mineral identifi-
cation peaks.

4, Material passing a No. 200 sieve suffices,

DisadVantages: 1. Some variation in degree of oriemtation and
bulk density.

2, Accuracy of results less than randomly-
oriented front-pack,

Back-Pack
Advantage3°%ﬁ1; Fairly consistent packing density.

2, Consistent F— values determined by X-ray
transmission.

Disadvantages: 1, Irregular degree of orientation (feldspars
~ strongly oriented),

2. Major soil mineral identification peaks
suppressed (orientation & lower density).

3. Tlme»consuming preparation of samples,
Pellet -
Lo

Advantages: 1, Some control of preferred orientation and
density, _

2, Quickpreparation and mineral identification with
falrly consistent peak heights.

Disadvantages: 1. Pellets often friable causing diffraction
trace distortion,

2, Surface of material with hlgh %@ adheres to
compactor.

3. Sorting of mixture when preparing pellet,

www . fastio (jt)‘ﬂ
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Class Slide (& porous filter method)

Advantages:' 1, Strong basal orientation for clay mineral
' ddentification,

2, Amenable to quick heat treatment and fairly
- reliable results, ‘

Disadvantages: 1. Mineral sample thickness and consistency
irregular,

2, Only good for clay.mineral determinations
{water sorting).

Quantitative Analysis Methods

There are two ordinary methods of conducting quantitative
analyses of mineral aggregations using an X-ray diffractometer:
by determining the area under certain characteristic diffraction
peaks, Klug and Alexander (3); by determining the heights of
certain diffraction peaks, Tatlock (2); some combination of peak
heights and contained areas, Schultz (4). In each case the
intensity of diffraction is considered to be directly related to
the amount of material present in the aggregation when the
random-radiation background is accounted for. .

The effect of physical weathering of minerals ordinarily
has a far greater effect on diffraction peak intemsities than
any other factors, see page 422 ref, (3), except perhaps the
degree of crystallinity of the aggregation when formed, Because
of the number of minerals present in most soils and the physical
weathering of the minerals, it is often necessary to depend upon
diffraction peak heights for estimating the quantity of each
mineral present. The large combination of diffraction peaks
cbscure one another, the peak heights are reduced by physical
geatherings and the true radiation background is difficult to

etermine, ' :

Diffraction Peak Intensities

The amount of a mineral in an aggregate may be correlated
to diffraction peak intensities by several different methods.
Ordinarily, a strong diffraction peak, or peaks, characteristic of
the mineral is chosen which is not subject to undue interference
from other mineral diffraction peaks and the peak height or
enclosed area of the peak is related to the amount, by weight,
of the mineral present, The calibration curves thus derived are
not necessarily linear functions although many soil minerals
appear to give linear correlations, :

Standard minerals must be chosen which are representative
of the minerals contained in the aggregate being investigated -
because the accuracy of an analysis depends directly on how well
the standards are chosen, as indicated by Brindley, p. 501 (5).
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The standard minerals may be derived from the aggregate samples
or the minerals may be matched by materials from other sources,
If other source material is used it must be comparable in terms
of degree of crystallinity, chemical composition, and degree of
weathering that has occurred,

The method of sample preparation is important because some
soil minerals, such as clays and gypsum, are readily altered or
destroyed by certain physical treatment such as over heating or
over grinding. Powder samples consisting of a crystallite size
of about 204 tend to give best diffraction intensities and,
perhaps, random orientation. It is not ordinarily necessary to
grind material finer than 74 X (No. 200 sieve) for quantitative
approximations if the pressed front-pack is used. A disc

‘pulverizer may be used for an initial grind, followed by dry-

grinding of a split-out sample by mortar and pestle,

Ceneral Procedure

After the samplé ié‘received the following preliminary
treatment should be done:

1., Air dry the sample and break down weakly cemented particles
with rubber pestle,

2, {a) gqapsgmi;;pe;gtg - 8plit out representative portion
and reduce material to particles passing a No. 40 sieve
-using a disc pulverizer, ‘

(b). Fine regate (soils) « Split out representative
portion and separate the material passing the No. 10
sieve, weigh the material larger than 2 mm, and treat
the larger material the same as the coarse aggregate if
it comprises more than 10-157% of the total aggregate.

3. Determine the clay=-size content of material passing the
No. 10 sieve by the hydrometer analysis method. Clay-
size material may be separated from the sample at this
time as required. A cyclone separator may also be used.

4, Split out a portion, about 10-15 gms, of pulverized
aggregate or soil and grind the material with a ceramic
mortar and pestle. Reduce the aggregate and sandZ or
silty soil to material passinmg a No, 200 sieve (744 )
and reduce clayey soils to material passing a No. 140 sieve
(0.1 mm). If clay-size material is separated from the
sample it should be reduced to powder for mixing and
handling purposes.

5, 'Put the reduced samples in sealed containers and mix
- thoroughly for further use.

6. Prepare samples of coarse-grind and soil aggregations
for auxiliary physical-chemical tests (20-25 gms) where
necessary, B R

www.fastio.com
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Auxiliary Tests

It is seldom possible to conduct a very precise quantitative
analysis of soil mineral aggregates without auxiliary tests,
The tests required for different soils must be judged by the
investigator. The tests may include: -

l. Total carbonate content by gravimetric determination.

2, Total organic mineral content by heating or peroxide
methed, : R

3. Water=soluble content by leaching method.

4, Clay-size content by hydrometer analysis.

J, Ferric irom content by iodometric titration method
or X=ray fluorescence background measurements.

6. Gypsum content by weight loss from dehydration
(50° = 100°C).

7. Differential thermal analysis of clay minerals,

8. Heat treatments and "Glycolation'" of oriented zlides
of clay minerals, -

9. Optical investigation of coarse aggregates. '

10. - Specific chemical analyses such as Nat cation content.,

Less precise quantitative analyses of soils may be made by
grinding a representative portion of the total air~dry sample
with a disc pulverizer, splitting the coarse-grind material, and
preparing a powder sample in the same manner as with soil fines,
In any case, the moisture content of the air<dry soil sample
gaflo size) is required, the oven~dry temperature not to exceed

C° :

- www.fastio.com

X-ray Diffractogram Analysis

It is convenient to make the diffractogram so that one inch
on the chart paper is equal to 5°26 because sufficiently precise
2@ values may then be derived by visual estimate. The goniometer
probably should not be run faster than 2°26 per minute because
the recorder does not have a sufficiently rapid respomse to keep
up with a rapidly varying signal input. Tatlock (2) considers a
2°28, drive rate to give results nearly comparable to 1°26, which
is more commonly used for precise mineral analysis. Use machine
recorder constants of 500 CPS, TC = 2, with the G.E. XRD=5 unit.

The diffractogram should be precisely labelled while it is
being made and the diffraction 20 angles and matching "d" spacings
may be marked on 'the chart at that time if convenient. For a

- complete mineral identification all real peaks above the radiation

background should be marked, ' For quantitative analysis omly
certain diffraction peaks will be used. A list of the more common
diffraction peaks which indicate the presence of different
aggregate minerals is given in Table 1, the peaks commonly used
for quantitative analysis being marked by an asterisk,

| The identification of the aggrégate minerals is done in the
following manner (3° - 63° 26): '
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The quartz peaks are marked. Often 6 of the 10 more
prominent peaks are visible. When less than 10 percent
quartz is present only 2 Reaks may show, 4.268 and 3,.3434.
The 3.343R quartz peak will often” appear when as little as
3 percent quartz is present.

The feldspar peaks are marked, When more than about 10
percent feldspar 1s present it is necessary to make a
second scan from 26,0° - 29,0°2@ at 2000 CPS, TC = 1,
with a goniometer drive rate of 0,2° or 0.4°20 per
minute, to identify the predominant feldspars so that
the feldspar peaks may be properly identified. The 040
diffraction peaks are the main sources of feldspar
identification.

The amphibole and pyroxene peaks are marked, The most
common amphibole 1is [ende with primary identification
peaks at 8.4% and 3,128, Several of the amphiboles,
constituting a solid state series, have primary peaks
near 8,48 'd' spacing. The most common pyrgxene ig augite
with _primary identification peaks near 2,99A, 2,94A, and

1.62R. Augite chemical composition is also variable.

The carbonate and sulfate peaks are marked. The primary
identification_peaks for tﬁe carbonates are: Calcite 3.03%;
Dolomite, 2.894; and Magnesite, 2.744. Aragonite is
metastable in soils and not too common, The only common
sulfate; gypsum, has a primary identification peak at
7.564, but may exist as hemihydrate in dessicated soil.
Anhydrite is not common in soils nor is 7 CaS04, the
latter being found in gypsiferous soils oven-dried at
110°C, Deer, et al, vol. 5, p. 207 (6).

The mica, chlorite, and serpentine peaks are marked. The
main Hif%raction peak ror micas occurs at 10.0A, chlorites
at 7,0-7.28, and serpentines at 7.36&. In soils these

minerals may be identified along with the clay mineral
suite,

The less common none-clay mineral peaks are marked. The
main qdiffraction peaks which suggest the presence of these
minerals are given in Table 1. If any of these minerals
are believed to be present the entire diffraction pattern
listing should be checked for those minerals, Halite,
magnetite, goethite, zeolites, and cristobalite often
occur as minor soil components (< 5%).

' The clay mineral peaks are marked. The known clay mineral
peaks on the powder sample diffractogram are marked and

the oriented slide technique is used generally according
to the procedure of Warshaw and Roy (1) to identify the
clay minerals. :

stio.com ™


http://www.fastio.com/

;9;

The relative intensities given for X-ray diffraction patterns
for different minerals by ASTM Powder Diffraction File and other
sources of information are supposed to be for randomly oriented
powder samples, The intensity values may be used as a rough guide
in mineral identification but diffraction peak intensities ob-
tained in the laboratory are commonly quite different, depending
upon the cleavage habits of the minerals and the degree of
preferred orientation.achieved. Of course,the crystallite size
and degree of crystallinity may cause some variations in peak
intensities,

Ordinarily powder sample scans are made from 3° to 63° 28
and oriented slide scans are made from 3° to 21° 20 at 500 CPS,
TC = 2, 1If it is necessary to identify very poorly crystalline
clays a count of 200 CPS may be used, Medium resolution Soller
slits are normally used but the high-resolution slits with the
0.05° receiver slit, better resolve the feldspar peaks from 26°
to 29° 2@ at 2000 CPS, TC = 1 using a goniometer drive rate of 0.2°
28 per minute. Much better peak resclution may be cobtained by
turning the X-ray tube to center port for 'spot®' focus and using
a 0,05 receiver slit, as shown in Figure 1,

Calibration Curves

Calibration curves may be made for crystalline aggregate
minerals by relating selected diffraction-peak intensities to
the amount of each mineral present in the aggregate. Calibration
curves are derived by mixing together known amounts of soil
minerals, or by using previously analyzed mixtures, and making
diffractograms of the mineral calibration peaks. The peak heights
are then plotted against the amount of mimeral present, In some
cases the areas under the diffraction peaks are used for
quantitative analysis of different minerals., Diffraction peaks
commonly used to make calibration curves are marked with
asterisks in Table 1. ’

Quartz is the only major crystalline constituent of rock
and soil aggregates that has very poor cleavage, thus, the powder
crystallite orientation is quite variable when using a pressed
powder sample, By using four calibration peaks for quartz, as
shown in Figure 2, and taking the average value a close approxi-
mation of quartz content (by weight) may be obtained, The four
calibration curves may be considered linear and represent approxi-
mately a random powder orientation. Curves representing rela-
tively unweathered quartz may be derived by using diffraction
intensity data cbtained with a permaquartz slab, the peak heights
being plotted as 100% quartz as shown in Figure 2,

Calibration curves for three common aggregate minerals,
muscovite, hormblende, and serpentine, are given in Figure 3,
The powder samples which were prepared consisted of relatively
unweathered material, the muscovite occurring as phyllite, the
hornblende as finely crystalline rock, and the serpentine as
antigorite. All three of the minerals orient readily and thus
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Figure 1, Effect of x-ray tube orientation and resolution
slits on diffraction peak intensity and resolution,
(a) outer peaks: line source, 200 CPS; inner peaks:
spot source, 500 CPS, 0,05° receiver slit., (b) outer
peaks: 0,2° slit, middle peaks: 0.1° slit, inmer
peak: 0,05° receiver silit. Spot source.
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give quite reliable results when using the pressed-powder packing
technique.

The feldspars usually occur as perthite, a sodic plagioclase
in microcline, and require special treatment for detailed
identification, Feldspars possess perfect cleavage and the
powder crystallites tend to orient so that the 0k0 diffraction
peaks are enhanced. Calibration curves may be made using
feldspar 040 diffraction-peak intensity measurements., Because
of the intensity of the diffraction peaks and the close spacings
of the feldspar 040 peaks, it is necessary to scan at a slow rate
(0.2° 20 minute) and to change count rate from 500 CPS to 2000
CPS when more than about 10 percent feldspar is present. Figure
4 shows a typical calibration curve for total feldspar content
{= 040 peak heights).

The standard minerals which are used to establish calibration
curves must match the condition of the minerals which are to be
quantified, especially with respect to degree of crystallinity
and chemical composition., If the minerals in the aggregate only
vary from the standard minerals in the degree of physical weather-
ing, the most common situation, a weathering factor must be
introduced or additional standard minerals must be secured from
the aggregate or its equivalent, When many rock and soil aggre-
gates with varying degrees of physical weathering are to be
considered it is necessary toestablish weathering factors to
accaunt for the decline in intensity of the mineral diffraction
peaks, '

Soil and rock minerals vary in their resistance to physical
and chemical weathering so that each mineral will have a
distinct weathering range., Some minerals are very stable and
show little effect from weathering., Quartz, for example, shows
a peak diffraction intensity for dume sand or extremely weathere
tropical soil that is about two-thirds that of unweathered '
material., Chalcedony (cryptocrystalline a- quartz) shows about
the same peak intensity as extremely weathered quartz. A maxi-
num weathering factor (multiplier) of 1.50 might be used for
quartz to adjust to standard calibration curves for unweathered
quarggg and, of course, there are also degrees of weathering to
consider, _

Most soil and rock aggregates are crystalline, excepting
unweathered ignecus extrusives which contain glassy material,
and because of this crystallinity the sum of the minerals,
represented by diffraction peaks, must total nearly 100 percent
when including organic material and water content. Knowing the
rate and degree of weathering possible for different minerals a
reasonable estimate of the aggregate mineral content may be
made. Some soil minerals are very subject to chemical weather-
ing and do not appear to require weathering factors, including
amphiboles, pyroxenes, and serpentines., Either they are present
as formed or they are chemically altered. Calibration curves
for authigenic soil minerals, such as sedimentary chlorite,
must be derived partly from allied tests. As an example,
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certain extremely weathered tropical soils were found to consist
of only quartz and kaolinite with a trace of goethite, Post (7).
The hydrometer analysis established the clay-size content :
(kaolinite) and the equivalent ferric iron content was found
chemically (giving goethite), the remaining mineral then being
quartz, By deliberately choosing simple two, three, or four-
mineral systems the weathering stage of aggregates of an area
may thus be determined.

Some comparison of the effect of weathering on different:
minerals may be shown by considering perthite in relation to
quartz. Where extremely weathered quartz may require a weather~
ing factor of 1.5, extremely weathered perthite in rock may
require a factor of 2 and in seil a factor of 3. Whereas micas
are very stable minerals in aggregates with little change in
crystallinity from physical weathering, clay minerals such as
kaolinite and montmorillonite may appear to be nearly amorphous
after extreme physical weathering. Illite (hydromica) is
ordinarily comnsidered to be formed by the chemical weathering
of micas, part of the Kt ions being removed from the interlayer
position. The KT ions are weakly bonded, being held in 12-fold
coordination by the silica Tetrahedra, Illite and kaolinite in
soil aggregates ordinarily show about the same diffraction
intensities for first order (001) basal spacings.

Diffraction Analysis Problems

Under certain conditions the total iron in soil and rock
aggregates may be estimated by measuring the fluorescence back-
ground intensity on the diffractogram, Figure 5, and when the
iron is known to be contained in one mineral the amount of
mineral contained may also be estimated, as shown by Tatlock (2).
Several common aggregate minerals contain variable amounts of
iron, including hornblende, augite, and biotite, and many soils
also include clay minerals which contain iron. The common soil
mineral goethite, Fe203-H20, is not very susceptible to X-ray
diffraction and ordinarily must be quantified by chemical
analysis, The weakness of the X-ray reflections are presumably
due to fine grain size rather than poor structural order, Weaver,
et al (8). It may be seen, Figure 5, that the background caused
by goethite appears to include not only radiation scatter caused
by iron fluorescence but also scatter caused by the micro-
crystalline nature of goethite, and possibly by the presence of
amorphous material.,

Iron is the only relatively abundant common rock-forming
element whose fluorescence under copper radiation effects
appreciable increases in background radiation, Not only does
the fluorescence background caused by iron tend to cover other
mineral diffraction peaks, Figure 6, but because iron is a
strong radiation absorber (M * = 324), peaks of the weakly
absorbing component appear weaker and those of the strongly
absorbing component appear stronger, Klug and Alexander (3).
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The effects of iron in the X-ray diffraction analysis of aggre-
gates may be adjusted by the use of correction charts as Tatlock
(2) has proposed or the effects of iron may be negated by using

an iron or chromium X-ray tube target. Unfortunately, the iron
and chromium X~ray tubes do not give as useful diffraction patterns
as the copper tube.

Amorphous minerals raise the diffraction background intensity
in varying amounts, probably in some relationship to the mass
absorption coefficient of the amorphous material present. Silicic
acid, S5i02+nH20, gives a very low background intensity (B*=29.7)

-whereas micro-crystalline goethite gives a very hlgh intensity

(% = 208.5).

In comparlng diffraction patterns of aggregate powders,
absorption effects. are present that cause calibration curves to
be non-linear. Whenever mass absorption coefficients of any two
predominant aggregate minerals vary considerably the calibration
curves may appear as shown in Figure 7. This does not hinder the
use of the analysis procedure but it must be remembered. that the
linear relationship given by Klug and Alexander (3) may not be
used without some modification.
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7.5=7.2
7.15
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6.55=6,38
5,61=5,57
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4,794,69
4,504 .45
4,37
4,27
4,26
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vs
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Table 1
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Apgregate Minerals

Mineral

Mont, Group (Smectite)

Chlorite
Vermiéulite
Vermiculite
Attapulgite
Illite
Mi@és

Talc
Amphibole
Gypsum
Serpentine
Halloysite
Kaglinite
Chlorite
Ofthdélase
Microcline
Plagioclase
Analcite
Gibbsite
Chlorite
Clay 020-040
Gibbsite
Gypsum

Quartz

Notes

varying degrees of hydration
fully hydrated

partially hydrated
(palygorskite)

muscovite, biotite, phlogopite

hornblende, actinolite

antigorite, chrysotile

metahalloysite (2H20)
iron-rich chlorites to 6.784
"high" K-feldspar

"low" K-feldspar

anorthite to albite

mainly kaolinite & smectites

and K-feldspar 4.24-4,214

- (* Peaks used for quantitative analysis)

www . fastio.com


http://www.fastio.com/

ClibhPDF -

ak)
4,18

4,04

4 044,02
3.97-3.84
3.83-3,79
3.77-3.74
3.66-3,61
3.66-3.64
3.57

- 3,59-3,52

3,48-3,46
3.43
3.37-3.36
3.343
3.33
3.245-3,225
3.21-3.19
3,18
3.17-3.16
3,13-3,11
3.13-3.09
3.10

3.09

3,06
3,03-3,02
3,01
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Vs
vs
mw

mw

ms

ms

ms

vvs

vs
vvs

vvs

vs

vs

Vs

vs

Mineral

Goethite
Crisﬁobalite
Plagioclase
Feldspars
K~-feldspar
Plagioclase
Plagioclase
Serpentine
Kaolinite
Chlorite
Feldspars
Analcite
Micas
Quartz
Orthoclase
Microcline
Plagioclase
Plagioclase
Plagioclase
Plagioclase
Amphibole
Talc

- Jarosite

Gypsum
Calcite

Alunite

Notes

and plagioclase peak

albite to anorthite

microcline & orthoclase

muscovite and biotite

and orthoclase

albite to anorthite

only albite and oligoclase
only andesine to anorthite
only andesine to anorthite

hornblende and actinolite
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3,01-2.95
2,99 ¢
2,?4»2;91
* 32,89
3.87-2.82
2.86-2,82
2,82
2,75
2.7
2,71-2,69
2.69
2,56
2.56-2.51
2,53
2.51
2.50-2.44
2,48
* 2,458
2,33
* 2,282
2,19
2,10
2,01-1,99
1.99
1.91
1.87

www . fastio.com

vs
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vs

ve
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Mineral

Feldspars

Augite

Feldspars
Dolomite
Chlorite
Feldspars
Halite

Iimenite

'ﬂagnesite

Amphibole
Hematite
Augite
Feldspars
Magnetite
Augite
Feldspars

‘Cristobalite

Quartz
Kaolinite
Quartz
Dolomite
Calcite
Micas .
Halite
Calcite

Calcite

Notes

131 Peak

131 peak

hornblende & actinolite

and goéthite
and micas

and hematite

albite to labradorite

and calcite

muscovite & biotite
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d(A)
* 1,817

1:82-1,80
1.78
1,62
1.56
1,55-1,53

* 1,541
1,54
1.54-1.53
1,53
1,53=1,52
1.52-1.49
1.50
1.49
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Mineral
Quartz
Feldspars
Dolomite
Magnetite
Septichlorites
Chlorites
Quartz
Biotite
Vermiculite
Serpentine
Phlbgopite
Smectite
Muscovite

Kaolinite

Notes

and dolomite

esp, Chamosite (060)

060 peak

211 peak

060 peak

and trioct, smectite (060)
and tale (060)

060 peak

dioct., 060 peak

and illite & attapulgite (Qb6u
and halloysite (060)
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